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Introduction to Bittercreek: 
 Bittercreek Wildlife Refuge is an area owned by the Federal Government’s Fish and 
Wildlife Service and serves a sanctuary for animals.  It was purchased in 1985 mainly to provide 
habitat and foraging for the endangered California condor.  It is not open for public use, and 
therefore functions well as a wildlife habitat and to study natural processes.  The area of study 
ranges from about 900 meters to 1200 meters and covers about four kilometers from west to east.  
The refuge is about 15 miles to the east of the town of New Cuyama, which has an average 
annual temperature of 14C and an average annual precipitation of 21 centimeters.  Bitter Creek 
flows through the refuge and carved the largest canyon in the study area.  The north-facing 
slopes are vegetated with trees, and the south facing slopes are vegetated with grasses.  
Bittercreek Wildlife Refuge contains many recent landslides along the hillsides that border Bitter 
Creek.  Those landslides are important tools for identifying factors that cause and influence 
landslides. 
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Figure 1. Aerial view of the location of Bittercreek Wildlife Refuge.  Coastal cities also in 
view for reference. 
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Landslide Studies: 
 The history of landslides provides important information for predicting future landslides.  
The history of landslides on a regional scale is studied to learn about past climate, topographic 
development, and geology.  It is possible to create inferences from historical landslides and 
compare those results with results of paleoclimate studies to develop concise and accurate 
records of past climates (Reneau et al, 1990; Reneau and Dethier, 1996).  Arguably the most 
important results of landslide study is prediction and mitigation of future landslides.  Damage to 
life and property are among the risks of landslides, and that risk will continue to grow as housing 
and commercial development expand in the future.  A landslide that occurred in an area might 
have been caused by factors present in nearby areas.  Every piece of information gathered about 
a landslide can be used to help prevent future more damages.  Certain areas may be more 
susceptible to the occurrence of landslides, and with knowledge about the factors influencing 
landslides, consequences can be minimized.  Previous research has addressed the physical 
characteristics, the contributing factors, and the utilization of data to locate and mitigate potential 
landslides. This study will discuss those factors and determine how they apply to the landslides 
found in Bittercreek Wildlife Refuge. 
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Figure 2. View to south of the study area from a hillside adjacent to Bitter Creek.  Hummocky 
topography is visible above the drainages, along differences in vegetation on hillslopes having 
different aspects. 
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Landslide Characteristics: 
  Landslides can be quick moving or slow, and can be composed of a wide range of 
materials.  Considering the geomorphic characteristics of flows, the differences in velocity and 
composition can lead to varying depositional features (Glastonbury and Fell, 2008).  A slower 
moving landslide carrying weaker, low density material will cause a much smaller impact of the 
topography than will a fast moving landslide with dense, strong material (Glastonbury and Fell, 
2008).  Steeper hillslopes can provide faster velocity to a landslide by allowing gravitational 
acceleration to be higher (Glastonbury and Fell, 2008).  
 Rock type, bedding orientation, vegetation cover, soil depth, slope steepness, and water 
concentration can influence the likelihood of landslide activity.  Other natural processes such as 
earthquakes and shoreline erosion can also lead to the hillslope failures (Wieczorek et al, 2007).  
Landslides are commonly associated with areas nearby streams.  In a stream that is downcutting 
and cutting side to side, the likelihood that a landslide will occur is elevated.  As a stream 
continues to cut down through a valley or hillside, it is also increasing the slope of the walls 
surrounding the stream.  If the slope of the walls exceeds the angle of repose, then a failure will 
occur (Hawke and McConchie, 2011). The angle of repose is different for different material 
composition and grain sizes, and therefore will have varying failure thresholds for contrasting 
sites.  Another factor influencing the occurrence of landslides is the cohesion of the material.  
Under similar conditions, tightly packed material is less likely to experience a failure than 
material that is loosely compacted (Hawke and McConchie, 2011).  As water enters the 
subsurface layers of a hillside, it begins to saturate the pore space between grains.  The buildup 
of fluid leads to a positive pore fluid pressure between the grains affecting the cohesion of the 
particles and decreases the normal stress of the material (Hawke and McConchie, 2011).  The 
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decrease of the effective normal stress on the rocks beneath the surface can lead to a slope failure 
(Hawke and McConchie, 2011).  The depth of the soil profile also has an effect on the 
occurrence of landslides.  During a precipitation event, a shallow profile on a hillside will likely 
fail before a hillside with a deeper profile (Acharya and Cochrane, 2008). Another way that 
water infiltration can lead to a landslide is by decreasing friction between two surfaces.  When 
water is able to run down a tilted face of sediment layers with contrasting competence, it can 
potentially cause problems.  If the sediment layers parallel a hillside, which is known as a dip 
slope, then a slide is more likely (Wu, 2003).  On dip slopes there is a layer with lower friction 
aligned in the same direction that gravity is acting to pull the material downhill (Hawke and 
McConchie, 2011).  An important factor influencing the occurrence of landslides is the hydraulic 
response of the soil to storm events (Hawke and McConchie, 2011).  The moisture content in the 
soil is important to the stability of the hillside because it determines the extent of the cohesion of 
particles in the soil (Hawke and McConchie, 2011).  Increased moisture content will eventually 
cross a certain threshold that will lead to a diminishing of the effective cohesion of the soil, 
decreasing its effectiveness to hold up the hillside (Hawke and McConchie, 2011).  Material type 
also influences potential landslides.  For example, rocks with larger grain sizes, such as 
sandstones, are more resistant to weathering, and a layer of weak mudstone underneath a hillside 
can be problematic.  Slides can occur along the weak layer if its gravity exceeds the friction and 
cohesion of the weak layer (Wu, 2003).   
 Once the requirements for landslides to occur under certain conditions are known, models 
and predictions can be made to minimize the damage done by landslides.  An area that has 
commonly experienced landslides in the past is an area that should be monitored for future 
landslides.  Geographic information systems can be used to assess the risk of landslides on a 
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large scale (Wang et al., 2005).  It can be a tool for examining the probability of a landslide 
based on geologic factors, and it can also be used to assess the potential damage to nearby areas 
(Wang et al., 2005).  Statistical information about landslides can also be compiled to create a 
model for hazard risk. 
 
La Conchita: 
 The coastal town of La Conchita has been partly buried by landslides originating from a 
large landslide complex.  The bluff above La Conchita is a large scale paleoslide (Jibson, 2006).  
There have been recent, destructive landslides in 1995 and 2005, but historical records of 
landslides go back to 1865 (Jibson, 2006).  It is likely that there were previous slides in the area 
before that even though there are not accounts of them.  The town sits on the coast below bluffs 
that consist of weakly consolidated rocks of the Monterey and Pico Formations (Jibson, 2006).  
In March 1995, part of the bluff slumped and damaged homes in the town.  The slump occurred 
after a year with about twice the average annual precipitation (Jibson, 2006).  The highest 
amount of precipitation occurred in January, two months before the slump (Jibson, 2006).  The 
water was soaking into cracks in the hillside during that time, slowly creating the conditions for 
the slump to occur (Jibson, 2006). 
 The 2005 slide occurred in the same area, but under different environmental conditions.  
The area of the hillside that mobilized was part of the slump of 1995 (Jibson, 2006).  This slide 
occurred in quick response to a period of very heavy rainfall.  The water infiltrated the 1995 
scarp and created a shallow saturated layer (Jibson, 2006).  The debris slipped on that layer, and 
moved downslope as a fluid (Jibson, 2006).  The relationship between rainfall and timing of the 
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event is important.  The 2005 event was shallower and water did not have time to saturate deeply 
into the hillside.  There was an immediate response to precipitation in the 2005 event. 
  
Methods: 
 A literature review focused on landslide-influencing factors is important for obtaining 
useful information from the study of the landslides at the Bittercreek Wildlife Refuge.  The 
literature review provides a foundation for comparisons of the Bittercreek landslides to 
previously studied landslides.  The first step in mapping landslides at the Bittercreek Refuge was 
to study the topographic map before arriving at the site.  That helped give a sense of where the 
paleoslides were located and where there would likely be recent slides.  Once at the site, I looked 
for evidence of recent landslides as well as hummocky topography to direct my mapping efforts.  
High priority was given to he areas with hummocky topography, because hummocky topography 
is clear evidence for previous landslides.  The next step was to identify hillslopes that appear to 
have been affected by recent landslides.  Recent landslides were mapped and their locations were 
compared to the locations of the paleoslides.  Using that research and the study of La Conchita, it 
was possible to gain a better understanding of the landslide processes at Bittercreek Wildlife 
Refuge.  
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Results: 
 In the Bittercreek Wildlife Refuge, landslides exist along almost all of the Bitter Creek 
tributaries in the study area.  These landslides are shallow hillslope failures causing minimal 
mobilization of sediment.  Some of these slides show evidence of very recent movement as 
indicated by a lack of vegetation on the scarps.  Some of the slides show some re-vegetation 
which could mean slightly older slide events.  All of the recent landslides mapped lie within the 
area of hummocky topography. 
 
 
Table 1.  Distribution of landslides based on relative age and vegetation cover on the hillslopes 
Hillslope Cover   Younger   Older   
Grasses    6    5    
Trees and Shrubs   8    5  
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Figure 3.  Field map of Bittercreek Wildlife Refuge from Ballinger Canyon and Santiago Creek Quadrangle.  
Landslide scarps are shown in orange. 
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Discussion: 
 The abundance of landslides in the refuge is a product of the tectonic, geological, and 
climatic factors that create them.   
 Bitter Creek incised deep into the landscape creating a deep canyon with steep hillsides 
 The weakly consolidated material of the Bitterwater Creek Shale is easily eroded 
 Precipitation events saturate the hillsides reducing the normal stress and grain cohesion 
 The paleoslide complex creates conditions ideal for more landslides 
The shortening and surface uplift associated with the San Andreas Fault likely influenced the 
rapid incision of Bitter Creek.  However, the landslides were probably not directly associated 
with any faulting that may have occurred.  It appears that the type of vegetation cover did not 
have an effect on the landslide occurrences as slides were present on hills with differing 
vegetation.  In comparison to the La Conchita landslides, these slides more closely mimic the 
2005 landslide.  That landslide was a shallower event that had an immediate response to rainfall.  
The recent landslides in the Bittercreek Wildlife Refuge did not appear to be deep rooted slumps 
that moved as a cohesive unit.  Determining the true causes of these landslides would require 
slope-stability analysis and knowledge of the storm history and historical landslide occurrences 
(Keefer et al., 1987).  With prior information of the existing soil moisture and rainfall intensity, it 
becomes possible to estimate the probability that a shallow landslide will occur (Godt et al., 
2005).  It is possible that the landslides at Bittercreek occurred fairly quickly after precipitation 
events based on their shallow depth, but that is only speculative as not enough information is 
present at the moment.   
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 The timing of rainfall with respect to the timing of slide events is something that should 
be noted also.  Storm events are known to trigger landslides, but as seen by the 1995 La Conchita 
landslide, there was a time delay.  The deeper slumps or earthflows will usually require time for 
the water from storms to infiltrate.  Once the water has saturated the subsurface, then the slump 
or earthflow becomes much more likely.  The likelihood of rainfall-induced landslides, deep or 
shallow, depends on the intensity and duration of rainfall, and the existing moisture content of 
the soil (Godt et al., 2005).  Shallow landslides may occur quickly after high intensity rainfall, 
but that is highly dependent on the presence of soil moisture before the storm (Godt et al., 2005). 
It is possible that the landslides at Bittercreek occurred fairly quickly after precipitation events 
based on their shallow depth, but that is only speculative as not enough information is present to 
determine that.   
Conclusion: 
 The study of these paleoslides can lead to important information about future landslide 
hazard analysis.  When doing a risk assessment, paleoslide complexes can be another influencing 
factor to look for.  Any time a large scale prehistoric slide is discovered, the landslide risk should 
be carefully assessed, because those ancient landslides are readily remobilized (Jibson, 2006; 
Ritter et al, 2011).  The importance of paleoslide studies lies within the potential damages that 
may be prevented.  Further study may lead the way to prevent damage from catastrophes such as 
the 2005 landslide at La Conchita.  In places like that, it is only a matter of time before another 
slide event occurs.   
 
 
16 
 
References 
Acharya, G., Cochrane, T. A.  “Rainfall Induced Shallow Landslides on Sandy Soil and Impacts 
 on Sediment Discharge: A Flume Based Investigation.”  IACMAG. October 2008. 4620-
 4628 
 
Hawke, R., McConchie, J. “In situ measurement of soil moisture and pore-water pressures in an 
 ‘incipient’ landslide: Lake Tutira, New Zealand.” Journal of Environmental 
 Management;  Feb2011, Vol. 92 Issue 2, p266-274. 
 
Glastonbury, J., Fell, R.  “Geotechnical characteristics of large slow, very slow, and extremely 
 slow landslides.”  Canadian Geotechnical Journal; Jul2008, Vol. 45 Issue 7, p984-1005. 
 
Godt, Jonathan W., Baum, Rex L., Chleborad, Alan F.  “Rainfall Characteristics for Shallow 
 Landsliding in Seattle Washington, USA. Wiley InterScience. 21 September 2005.  
 
Jibson, Randall W.  “Landslide Hazards at La Conchita, California.”  2006. U.S. Geological 
 Survey.  Open-File Report 2005-1067. 
 
Keefer, D.K., Wilson, R.C., Mark, R.K., Brabb, E.E., Brown, W.M., Ellen, S.D., Harp, E.L., 
 Wieczorek, G.F., Alger, C.S., and Zatkin, R.S., 1987, Real-time landslide warning during 
 heavy rainfall: Science, v. 238, p. 921–925. 
 
Quinn, P. E., Hutchinson, D. J., Diederichs, M. S., Rowe, R. K.  “Regional-scale landslide 
 susceptibility  mapping using the weights of evidence method: an example applied to 
 linear infrastructure.” Canadian Geotechnical Journal; Aug2010, Vol. 47 Issue 8, p905-
 927. 
 
Reneau, S. L., and Dethier, D. P., 1996. Late Pleistocene landslide-dammed lakes along the Rio 
 Grande, White Rock Canyon, New Mexico. GSA Bulletin 108, 1492-1507. 
 
17 
 
Reneau, S. L., Dietrich, W. E., Donahue D. J., Jull, A. J. T., and Rubin, M., 1990. Late 
 Quaternary history of colluvial deposition and erosion in hollows, central California 
 Coast Ranges. Geological Society of America Bulletin 102, 969-982. 
 
Ritter, D. F., Kochel, R. C., and Miller, J. R., 2011. Process Geomorphology, 5
th
 edition. 
 Waveland Press, Long Grove, Illinois, USA. pp. 652. 
 
Wang, H., Liu, G., Xu, W., Wang, G. “GIS-based landslide hazard assessment: an overview.” 
 Progress in Physical Geography; Dec2005, Vol. 29 Issue 4, p548-567. 
 
Wieczorek, Gerald F., Reid, Mark E., Jodicke, Walter, Pearson, Chris, and Wilcox, Grant.  
 “Rainfall and Seasonal Movement of the Weeks Creek Landslide, San Mateo County, 
 California.” 2007. U. S. Geological Survey.  Data Series 276.   
 
Wu, Tien H.  “Assessment of landslide hazard under combined loading.”  Canadian Geotechnical 
 Journal; Aug2003, Vol. 40 Issue 4, p821-829. 
 
  
 
 
